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TOXICITY  OF  MICROBIAL  METABOLITES  OF  2,4,6-TRINITROTOLUENE 

(TNT) 

The  documentation  of  the  biological  degradation  of  nitroaromatic  explosives,  TNT  in 
particular,  that  results  when  these  compounds  are  disposed  of  in  soil  and  water,  is  extensive. 
The  distribution,  identification  and  biological  fate  of  many  of  the  degraded  compounds  or 
pollutants,  particularly  in  soil,  have  been  studied  mainly  at  the  U.S.  Army  Natick  R&D  Center, 
Natick,  and  also  at  the  U.S.  Army  Biomedical  R&D  Laboratory,  Fort  Detrick.  The 
microbiological  transformations  of  TNT  by  reductive  reactions  have  recently  been  reviewed  by 
Walsh  (1990),  Rosenblatt,  et  al.  (1991)  and  Walker  and  Kaplan  (1992)  and  thus  provide  the 
background  for  this  report. 

Currently,  there  are  many  studies  being  carried  out  on  the  degradation  of  TNT  using 
composting  processes  (Tan,  et  al.,  1992,  Griest,  et  al.,  1993).  The  results  from  these  studies 
indicate  that  the  reductive  biodegradation  pathway  of  TNT  by  compost  micro-organisms  is 
essentially  the  same  as  that  reported  for  the  numerous  soil  and  fresh  water  micro-organisms  that 
have  been  studied  (Rosenblatt,  et  al.,  1991).  Apart  from  the  photochemical  transformations  of 
TNT,  there  is  as  yet,  no  evidence  for  other  important  chemical  or  biological  transformation 
processes  such  as  hydrolysis  or  oxidation  under  environmental  conditions  (Rosenblatt,  et  al. , 
1991). 


MICROBIAL  METABOLITES  OF  TNT 

There  have  been  nine  microbial  metabolites  of  TNT  identified  and  characterized  in  both 
field  and  laboratory  studies.  These  compounds  are  listed  in  Table  1  along  with  their  acronyms 
and  Chemical  Abstract  Service  (CAS)  registry  numbers.  The  reductive  biotransformation 
pathway  for  TNT  is  shown  in  Figure  1  (Walsh,  1990).  Successive  reduction  of  the  nitro  groups 
to  amino  groups  is  thought  to  proceed  through  the  hydroxylamine  intermediates  (not  isolated 
usually),  of  which  the  two  that  have  been  identified  (2-OHA,  4-OHA)  can  then  couple  to  form 
the  identified  tetranitroazoxytoluenes  (Table  1).  The  compounds  predominating  at  any  one  time 
will  depend  on  the  physico-chemical  nature  of  the  environment,  the  species  of  rnicro-organisms 
involved,  and  the  conditions  under  which  each  nitro  group  reduction  takes  place. 


TOXICITY  OF  TNT  METABOLITES 


An  extensive  search  of  the  established  toxicological  information  bases  was  made  for 
toxicity  data  on  all  the  compounds  listed  in  Table  1.  The  only  toxicities  found  were  Ames 
Salmonella  assays  on  seven  of  the  nine  metabolites  listed  in  Table  1  (exceptions  were  2,6-DA 
and  2,4  -Az)  by  Won,  et  al.  (1976),  Spanggord,  et  al.  (1982)  and  Tan,  et  al.  (1992),  and  five 
acute  studies  on  two  of  the  mono-amino  dinitrotoluenes  (2-A  and  4-A)  by  Ellis,  et  al.,  (1978, 
1980). 
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Table  1 .  Microbial  Metabolites  of  TNT 


Metabolite 

Acronym 

C.A.S.  No. 

2-Hydroxylamino-4,6-dinitrotoluene 

2-OHA 

59283-76-0 

2-Amino-4,6-dinitrotoluene 

2-A 

35572-78-2 

2,6-Diamino-4-nitrotoluene 

2,6-DA 

59229-75-3 

4,4  ’,6,6  '-Tetranitro-2,2  '-azoxytoluene 

2,2  '-Az 

35212-01-2 

4-Hydroxylamino-2,6-dinitrotoluene 

4-OHA 

59283-75-9 

4-Amino-2 , 6-dinitrotoluene 

4-A 

19406-51-0 

2,4-Diamino-6-nitrotoluene 

2,4-DA 

6629-29-4 

2,2 ',6,6 '-Tetranitro-4,4  -azoxytoluene 

4,4  '-Az 

51857-25-1 

4,2 '  ,6,6  '-Tetranitro-6,4  -azoxytoluene 

2,4 '-Az 

51856-71-4 
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Won,  et  al.  (1976)  tested  seven  of  the  metabolites  using  the  his  idine-requiring  strains  of 
Salmonella  typhimurium ,  both  with  and  without  S9  activation  as  first  described  by  Ames. 
Revertant  colony  counts  of  the  tester  strains  used  (not  identified  by  number)  were  essentially 
similar  to  those  of  the  controls,  indicating  that  all  the  compounds  were  non-reactive  and  non- 
mutagenic. 

Spanggord,  et  al.  (1982)  at  the  Stanford  Research  Institute,  Palo  Alto,  reported  mixed 
results  for  both  compounds  2-A  and  4-A  in  the  Salmonella  assay  using  five  strains  (TA98, 
TA100,  TA1535,  TA1537,  TA1538)  of  S.  typhimurium,  with  and  without  S9  activation,  and 
concentrations  of  10  -  5000  jug/plate.  Metabolite  2-A  was  found  to  be  positive  both  with  and 
without  activation  in  TA98,  TA100,  TA1537,  TA1538.  In  TA1535  it  was  positive  with 
activation  and  negative  without  activation  and  was  negative  also  in  the  TA100  NR3  strain. 
Metabolite  4-A  was  found  to  be  positive,  both  with  and  without  activation  in  TA98  and  TA100. 
It  was  negative  both  with  and  without  activation  in  TA1537  and  a  TA100  NR3  strain.  In 
TA1535  it  was  positive  with  activation,  but  negative  without  activation.  In  TA1538  it  was 
positive  without  activation  but  negative  with  activation.  Tan,  et  al.  (1992)  also  used  the  Ames 
assay  using  two  strains  of  Salmonella  (TA98,  TA100)  both  with  and  without  S9  activation  to  test 
metabolites  2-A,  2,6-DA,  4-A,  2,4-DA.  The  results  were  reported  to  be  weakly  variable  in 
mutagenic  activity.  In  summary,  there  are  highly  conflicting  results  reported  in  the  three  studies, 
especially  for  the  metabolites  2-A  and  4-A.  The  Ames  assay  should  be  repeated  on  all  nine 
compounds. 

The  results  of  the  five  acute  studies  on  metabolites  2-A  and  4-A  are  set  out  in  Table  2. 
Both  compounds  were  found  to  be  essentially  non-toxic  to  rats  and  mice  in  oral  LD50  studies, 
and  apart  from  a  relatively  mild  irritant  effect  of  compound  2-A  on  rabbit  skin,  they  were  both 
shown  to  be  non-irritant  to  the  eyes  of  rabbits  and  non-sensitive  to  the  skin  of  guinea  pigs.  This 
work  was  carried  out  at  the  Midwest  Research  Institute,  Kansas  City  by  Ellis,  et  al.  (1978, 
1980). 


Table  2.  Acute  Toxicities  of  Two  TNT  Metabolites 


Metabolite 

LD50 

LD50  Rat* 

Rabbit  Eye 

Rabbit  Skin 

Dermal 

Mouse* 

Irritation 

Irritation 

Sensitivity 

2-A 

1722+  154(M) 

2240+85(M) 

Non- 

Mild 

None 

1522+71  (F) 

1394±  191(F) 

irritant 

irritant 

4-A 

1342+  107(M) 

1360±53(M) 

Non- 

Non- 

None 

1495+90  (F) 

959  ±  76(F) 

irritant 

irritant 

*  mg/kg.  ±  S.D.  (M  =  Male,  F  =  Female) 
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DATA  GAPS  AND  RECOMMENDATIONS  FOR  FURTHER  RESEARCH 

There  is  an  obvious  dearth  of  toxicity  data  on  all  of  the  nine  identified  metabolites  of 
TNT.  It  is  recommended  that  further  toxicity  studies  be  undertaken  and  carried  out  in  four 
phases  (Table  3).  If  positive  results  are  determined  from  both  the  phase  I  and  II  studies  then 
proceed  to  phase  III  and  if  necessary  to  phase  IV  studies.  It  would  appear  that  only  seven  of  the 
nine  metabolites  need  to  be  studied  and  evaluated  in  each  phase,  and  especially  since  the  two 
metabolites,  2-OHA  and  4-OHA,  are  very  rapidly  converted  to  their  corresponding  amino  and 
azo-derivatives,  they  could  be  excluded.  In  phase  I,  only  three  appropriate  assays  should  be 
selected  for  study,  and  in  phase  II  it  would  appear  unnecessary  to  repeat  the  acute  studies  on 
metabolities  2-A  and  4-A  as  reported  by  Ellis,  et  al.  (1978,  1980).  From  the  ivailable  toxicity 
data  on  these  compounds  and  the  obvious  lack  of  subacute  and  chronic  studies,  it  is  not  feasible 
to  estimate  any  NOEL  or  NOAEL  values  for  any  of  these  metabolites  of  TNT. 

Table  3.  Recommended  Toxicity  Studies  on  the  TNT  Metabolites 
(Listed  in  Order  of  Importance) 


Phase  I: 

1.  Ames  Salmonella  assay 

2.  Mouse  lymphoma  assay 

3.  CHO  mutation  assay  (in  vitro) 

4.  SCE  mutation  assay  (in  vivo) 

5.  DNA  synthesis  assay 

6.  Micronucleus  assay 

Phase  II: 

1.  Acute  LD50-rats,  mice 

2.  Eye  irritation  -  rabbits 

3.  Skin  irritation  -  rabbits 

4.  Dermal  sensitivity  - 
guinea  pigs 

Phase  III: 

1 .  90-Day  subchronic  -  rats 

2.  Teratology  -  rats,  rabbits 

3.  Dominant  lethal  -  rats 

4.  Reproductive  assessment  by 
continuous  breeding  -  rats 

5.  Toxicokinetics  and  metabolic 
fate  studies  -  rats  or  mice 

Phase  IV: 

Chronic  lifetime  -  rats  or 
Carcinogenicity  -  rats  or 
mice 

SUMMARY 


A  review  of  the  available  literature  on  the  known  microbial  metabolites  of  the  explosive 
TNT  has  been  carried  out.  Of  the  nine  metabolites  that  have  been  identified  and  characterized 
in  the  reductive  biotransformation  pathway,  only  five  acute  toxicity  studies  have  been  reported 
on  2-amino-4,6-dinitrotoluene  and  4-amino-2,6-dinitrotoluene.  The  results  indicate  that  they  are 
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not  acutely  toxic  in  rats  and  mice.  The  Ames  Salmonella  bioassay  was  the  only  other  study 
reported  by  three  different  groups  of  investigators.  Only  seven  of  the  nine  metabolites  were 
tested:  they  were  2-hydroxylamino-4,6-dinitrotoluene,  2-amino-4,6-dinitrotoluene,  4- 

hydroxylamino-2,6-dinitrotoluene,  4-amino-2,6-dinitrotoluene,  2,4,-diamino-6-nitrotoluene, 
4,4  ',6,6  '-tetranitro-2,2  '-azoxytoluene  and  2,2  ',6,6  '-tetranitro-4,4  -azoxy toluene. 
Anomalous  results  were  found  and  reported  by  all  workers  using  this  assay.  For  the  ultimate 
determination  of  NOEL/NOAEL  values  to  be  made,  numerous  further  studies  need  to  be  carried 
out,  and  recommendations  for  such  studies  have  been  made. 
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REPLY  TO 
ATTENTION  OF: 


DEPARTMENT  OF  THE  ARMY 

U.S.  ARMY  MEDICAL  RESEARCH  AND  MATERIEL  COMMAND 
504  SCOTT  STREET 

FORT  DETRICK,  MARYLAND  21702-5012 


MCMR-RMI-S  (70-ly) 


24  Jul  97 


MEMORANDUM  FOR  Administrator,  Defense  Technical  Information 

Center,  ATTN:  DTIC-OCP,  Fort  Belvoir, 

VA  22060-6218 

SUBJECT:  Request  Change  in  Distribution  Statement 


1.  The  U.S.  Army  Medical  Research  and  Materiel  Command  has 
reexamined  the  need  for  the  limitation  assigned  to  technical 
reports  written  for  Contract  DAMD17-93-C-3006 .  Request  the 
limited  distribution  statement  for  Accession  Document  Numbers 
ADB179225  and  ADB185856  be  changed  to  "Approved  for  public 
release;  distribution  unlimited."  These  reports  should  be 
released  to  the  National  Technical  Information  Service. 

2.  Point  of  contact  for  this  request  is  Ms.  Betty  Nelson  at 
DSN  343-7328  or  email:  betty_nelson@ftdetrck-ccmail.army.mil. 

FOR  THE  COMMANDER: 


Deputy  Chief  of  Staff  for 
Information  Management 


